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Finite Element Simulation Optimization of Milling Parameters of
7075-T651 Aluminum Alloy Based on AdvantEdge
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Abstract ; In order to control the milling force and milling temperature during the milling process of 7075-T651 aluminum
alloy and thus reduce machining deformation, different milling parameters were studied and optimized. The two-
dimensional milling simulation model was established by using the professional cutting simulation software AdvantEdge
for the simulation analysis of the milling force and milling temperature results, and the milling experiments were carried
out to verify the obtained results of the milling force and milling temperature. The orthogonal test table was designed to
obtain an optimized combination of milling parameters, and the influence law of a single factor on the milling force and
milling temperature was obtained by single factor test method. The resultsshow that the errors of the finite element
simulation and experimental data are within the acceptable range, which illustrates the correctness of the finite element
model. The two optimal milling parameter combinations for controlling milling force and controlling milling temperature
were selected by orthogonal test. The results of the single factor test show that the size of the feed per tooth, the milling
width and the milling depth are positively correlated with the size of the milling force, and the milling force is almost
unaffected by the spindle speed. The spindle speed, the feed per tooth and the size of the milling width are positively
correlated with the milling temperature, and the milling temperature is almost unaffected by the milling depth.
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Figure 1  Milling simplification model
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Figure 2 2D Milling finite element model
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Table 1  Simulated milling parameters
BEHIG B 5T L/ (S3upist
B /mm JE/mm (r+min") H/mm

0.8 6 6 000 0.05
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Figure 3 Simulation results of milling force
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Figure 4 Simulation results of milling temperature
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Table 2 Milling simulation results
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Figure 5 Milling force measurement experiment
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Figure 6 Experimental results of milling force
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Table 3 Milling force simulation and

experimental errors
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Figure 7 Schematic diagram of

thermocouple wire placement
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Figure 8 Milling temperature experimental results
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Table 4 Milling temperature simulation and

experimental errors
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PR T i 0 LS8 A IR 0.4 mm , B A6 EZRKBLER
P45 0.05 mm, Bl 785 2 mm, EHIFEHE 8 000 1/ Table 6  Orthogonal test results
min, fLIEETTEN A D B, C; XBEHNERE T #1742 R 45 2 F/N FN F/N /%
K ENERE SE RIS ! 19.53 12.82 23.36 139.98
2 40.12 18.60 44.22 180.38
%5 EXREE 3 60. 96 23.08 65.18 230.39
Table 5  Orthogonal test table 4 71.55 26.77 82.04 254.21
5 64.49 29.25 70. 81 185.11
mV T BEHITREE BEH LR ERiiLIST g 6 105. 34 36.87 111,61 19148
i A/mm B/mm €/ (r-min”") D/mm 7 37.48 21.36 43.14 181.21
1 0.4 2 4 000 0.05 8 64.69 29.50 71.10 222.49
2 0.4 4 6 000 0.01 9 107.26 44.34 116.06 208.42
3 0.4 6 8 000 0.15 10 112.52 44.28 120.92 232.72
4 0.4 8 10 000 0.20 11 88.36 39.02 96. 60 156. 59
5 0.6 2 6 000 0.15 12 64.11 44.66 81.10 133.97
6 0.6 4 4 000 0.20 13 81.67 43.79 92.67 213.30
7 0.6 6 10 000 0.05 14 58.54 34.43 67.91 157.76
8 0.6 8 8 000 0.10 15 204.79 68. 14 215.83 201.78
9 0.8 2 8 000 0.20 16 151.75 57.30 162.21 167.76
10 0.8 4 10 000 0.15
noos 6 4000 0.10 S APHT 2 8 A4 0 24 LS
12 0.8 8 6 000 0.05 e s .
o Lo ) 0 000 o 1o 3 BRI TE BT IR R R g N . R A R P
U ) 000 0 05 S 4 o T T 2 B0 4 R 1 2 0. 05
15 1.0 6 6 000 0.20 mm, F4HEE 4 000 v/ min, ZEHITREE 1.0 mm, ZEH] 55
16 1.0 8 4 000 0.15

€2 mm, fRETTEN D,C\AB, o
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Table 7 Milling force simulation results analysis

BeEl /N
H#E
K, K, Ky K, ky ky ks ky W2 R
A 214. 80 296. 66 414. 68 538.62 53.70 74.17 103. 67 134. 66 80. 96
B 302. 90 344. 66 420.75 396. 35 75.73 86. 17 105. 19 99. 09 29. 46
C 393.78 411.96 320. 25 338.77 98. 45 102. 99 80. 06 84. 69 22.93
D 215.51 304.59 419.12 525.54 53.88 76.15 104.78 131.39 77.51
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Table 8 Milling temperature simulation results analysis

BEHIELEE/C

K, K, K's K, k' k' ks Ky ez R'
A 804. 96 780. 29 748.70 740. 60 201.24 195. 07 187.18 185.15 16. 09
B 746. 81 762.34 769.97 795.43 186. 70 190. 59 192. 49 198. 86 12. 16
c 655. 81 718.24 819. 06 881. 44 163.95 179. 56 204.77 220. 36 56. 41
D 629.92 772.76 815.98 855.89 157. 48 193. 19 204. 00 213.97 56.49
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Table 9 Simulation scheme of single factor test

Yoty Aoy %

wE R SRR MR G
% (remin!) Hit/mm B/mm  PE/mm

1 6 000 0.15 0.6 4

2 8 000 0.15 0.6 4

3 10 000 0.15 0.6 4

4 6 000 0.10 0.6 4

5 6 000 0.15 0.6 4

6 6 000 0.20 0.6 4

7 6 000 0.15 0.4 4

8 6 000 0.15 0.6 4

9 6 000 0.15 0.8 4
10 6 000 0.15 0.6 2

11 6 000 0.15 0.6 4
12 6 000 0.15 0.6 6

SRR 9 HRRABEHI S B 05 K, AR I 10
ENIEISES R P
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Table 10 Simulation results of single factor tests

KB F/N F /N 7/°C
1 126.77 45.27 160. 58
2 123.38 41.93 203.52
3 125.97 42.40 253.39
4 87.25 33.91 182. 14
5 126.71 45.31 206. 66
6 160. 05 48.55 230.19
7 84.24 30.22 202.49
8 126.51 45.33 203.37
9 169.02 60.37 202.47

10 110.30 40.91 194.48
11 119.65 41.92 202.74
12 126.01 45.11 212.06
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Influence curve of milling

parameters on milling forces
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Influence curve of milling

parameters on milling temperature
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